Activation of renal dopamine-1 receptors decreases sodium transport. However, the spontaneously hypertensive rat retains sodium despite increased renal dopamine concentration. We tested the hypothesis that the abnormal sodium handling in spontaneously hypertensive rats (Okamoto-Aoki strain) is related to a decreased dopaminergic response by studying the effects of the intrarenal infusion of the dopamine-1 agonist SKF-38393 and the dopamine-1 antagonist SCH-23390 in hypertensive and in normotensive Wistar-Kyoto rats. Rats (9-16 weeks old) were studied with renal nerves intact under pentobarbital anesthesia (n=5-6 in each group). Specificity of dopamine-1 effects of SKF-38393 was verified because its natriuretic effect was blocked in a dose-related manner by the dopamine-1 antagonist SCH-23390 (n=5). Intrarenal arterial infusion of the dopamine-1 agonist SKF-38393 did not affect glomerular filtration rate but resulted in a dose-related natriuresis and diuresis in normotensive but not in hypertensive rats. Intrarenal arterial infusion of the dopamine-1 antagonist SCH-23390 alone induced an antinatriuresis, without affecting glomerular filtration rate, in normotensive but not in hypertensive rats. Addition of the dopamine-2 antagonist YM-09151 to the dopamine-1 antagonist infusion did not enhance the effect of the dopamine-1 antagonist The lack of response to the dopamine-1 agonist or antagonist in hypertensive rats was not due to differences in renal dopamine-1 receptor density ( U ± 0 J pmol/mg protein for spontaneously hypertensive rats, n=4; l±0.2 for Wistar-Kyoto rats, n=4) or affinity, distribution determined by autoradiography was also similar. The abnormal renal sodium handling in 9-16-week-old spontaneously hypertensive rats is in part due to decreased response distal to the dopamine-1 receptor. (Hypertension 1990;15:560-569) T he sympathetic nervous system contributes to the development of hypertension in rats with genetic hypertension, including the spontaneously hypertensive rat (SHR) of the Okamoto-Aoki strain, in part by promoting sodium retention. 
T he sympathetic nervous system contributes to the development of hypertension in rats with genetic hypertension, including the spontaneously hypertensive rat (SHR) of the Okamoto-Aoki strain, in part by promoting sodium retention. 1 -4 Renal a-adrenergic receptors mediate the sodiumretaining effect of renal nerves 1 ; dopamine receptors decrease sodium transport. 56 Since Kebabian and Calne 7 presented evidence for two dopamine receptor subtypes in brain (Dj and D 2 , nomenclature in brain), 7 dopamine receptor subtypes have been
The DA, receptor has been reported in several segments of the nephron including the proximal convoluted and straight tubule. 91112 Dopamine has been suggested to act as a paracrine substance that may participate in the regulation of sodium excretion during sodium surfeit in dogs, 13 humans, 14 and normotensive rats.
-
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- 18 In the 3-4-week-old SHR, renal dopamine and norepinephrine levels are similar to those in normotensive control rats. Thereafter, although the renal concentrations of norepinephrine are still similar to normotensive control rats, renal concentrations of dopamine are increased in some reports, 19 ' 20 yet basal sodium excretion is not increased. Therefore, it is possible that the abnormal sodium handling in SHR may be related in part to decreased dopaminergic effect.
To evaluate the role of the renal dopaminergic system in regulating sodium excretion in SHR, we studied the effects of the intrarenal infusion of the benzazepine DA! agonist SKF-38393 (the most selective DA, agonist currently available) 21 in SHR and normotensive Wistar-Kyoto (WKY) rats. The role in sodium excretion of dopamine endogenously produced in the kidney was studied by examining the effects on the intrarenal administration of the benzazepine DA, antagonist SCH-23390. 510 Based on the observation that a combined DA, and DA 2 agonist was necessary to inhibit sodium-potassium adenosine triphosphatase (Na + ,K + -ATPase) activity in the proximal convoluted tubule of the rat, Bertorello and Aperia 16 suggested a synergism between the dopamine receptor subtypes in the natriuretic response to dopamine. Therefore, the effect of the DA 2 antagonist YM-09151 22 was also studied during DA, blockade. In addition, renal DA, receptors were studied by using radioligand binding and autoradiographic techniques with the DA, radioligand [ 125 I]SCH-23982 (New England Nuclear, Boston, Massachusetts) as previously reported from our laboratory.
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Methods
In Vivo Studies
Male SHR of the Okamoto-Aoki strain and control WKY rats (Harlan Sprague Dawley, Inc., Indianapolis, Indiana), aged 9-16 weeks and weighing 200-350 g, were maintained on standard rat chow with ad libitum access to water. The rats were anesthetized and prepared for bilateral renal clearances as described previously. 5 A polyethylene tubing (tip outside diameter, 125 fj.m; inside diameter, 60 i±m) was introduced into the left carotid artery and into the left renal artery through the descending aorta. 23 Then an intrarenal arterial infusion of heparinized saline was started at 0.5 ml/hr. Glomerular filtration rate was determined by the clearance of [ 3 H]inulin (New England Nuclear) infused at 0.1 /iCi/100 ml and delivered in normal saline at a rate of 3 ml/100 g body wt over 30 minutes, followed by 2 ml/100 g body wt/hr until the termination of the experiment.
After an equilibrium period of 2-4 hours, a 40-minute control urine collection was obtained. The rats were then divided into separate groups for study: groups 1, 2A, 2B, and 3 consisted of WKY rats (Tables 1-4) and groups 4 and 5 (Tables 5 and 6 ) consisted of SHR. To determine the effect of exogenous DA, on sodium excretion, the effects of intrarenal administration of the DA, agonist SKF-38393 21 were studied. After the control period, the rats (group 1 [WKY rats, n=5] and group 4 [SHR, n=6]) received an intrarenal infusion of DA, agonist SKF-38393; the dose was increased from 1.2 to 12 to 120 ng/g kidney wt/min; each was delivered at the same rate of 0.5 ml/hr. A 40-minute urine collection was obtained beginning 10 minutes (time needed to clear dead space) after each change of drug concentration and 10 minutes after stopping the drug infusion, designated as the recovery period. In another group of WKY rats (group 2A [n=5]), the specificity of SKF-38393 to the DA, receptor was tested by the infusion of the DA, antagonist SCH-23390. After the initial control period, SCH-23390 was infused at 1.2 ng/g kidney wt/min. Ten minutes after the infusion was started, a 40-minute urine collection was begun. Then, the DA, agonist SKF-38393 (120 ng/g kidney wt/min) was infused into the renal artery; 10 minutes into the infusion, a 40 -minute urine collection period was begun. Thereafter, while the infusion of SKF-38393 was continued, collections were obtained while SCH-23390 was infused at rates of 12 and 120 ng/g kidney wt/min. The infusion rate was kept at 0.5 ml/hr, the same rate of intrarenal fluid administration in all periods. In another group of WKY rats (group 2B [H=4] ), the DA, agonist SKF-38393 was infused alone at 120 ng/g kidney wt/min after the control period and served as the time control for group 2A rats.
The role of endogenous renal dopamine on sodium excretion was studied in another group of rats (group 3 [WKY rats, n=7] and group 5 [SHR, n=5]) by examining the effects of the intrarenal administration of the DA, antagonist SCH-23390. 510 After the control period, SCH-23390 (120 ng/min/g kidney wt) in normal saline was infused at the same rate of 0.5 ml/hr as in the control period. According to the receptor occupation theory, this dose of SCH-23390 is expected to occupy 96% of the renal DA, receptors.
11 Ten minutes into the infusion, a 40-minute urine collection period was begun. The possible synergism between DA, and DA 2 receptors on renal function was studied by the addition of the DA 2 receptor antagonist YM-09151 22 (120 ng/min/g kidney wt) to the DA, antagonist infusion. The rate of infusion was kept at the same rate of 0.5 ml/hr. Ten minutes into the infusion, a 40-minute urine collection period was obtained. Thereafter, the infusate was changed to the vehicle (normal saline) at the same rate of 0.5 ml/hr; 10 minutes into the infusion, a 40-minute urine collection period (recovery period) was begun. Blood (0.5 ml) was collected during the control period, between the control period and SCH-23390 infusion, between the infusion of SCH-23390 plus YM-09151 and the recovery period (no drugs), and just before they were killed. The blood removed was replaced (vol/vol) with normal saline.
At the end of the experiment, a 1 ml bolus of 10% lissamine green was injected into the renal artery to verify patency of the renal arterial catheter and uniform delivery of drugs to all segments of the kidney. The kidney was weighed at the end of the experiment, and the drug infusion was expressed in nanograms per gram kidney weight. Time control studies revealed stable renal functional parameters. Stability of the rats was also assured as recovery to control values occurred after the agonist drug infusions were stopped.
Radioligand Binding Studies
The rats were decapitated; the kidneys were rapidly removed after a midline abdominal incision and placed immediately on ice. All tissues were used fresh within 2 hours of decapitation and kept at 4° C until incubation for the radioligand binding study. The kidneys were bisected longitudinally, and the medulla was removed from the cortex at the corticomedullary junction. The renal cortex was then minced to a fine paste, and the glomeruli were separated from cortical tubular tissue by a sieving procedure as previously described, 8 except that the incubation buffer used was Tris-chloride buffer containing (mM) Tris-chloride 80, MgSO 4 1, and EGTA 0.8. The tubular tissue was then homogenized in a glass Teflon Dounce homogenizer (clearance 0.095-0.115 mm, Braun GmBH, Melsungen, Germany) with a motor-driven pestle at 1,200 rpm for 20 strokes. The homogenate was centrifuged at 500 g for 5 minutes in a refrigerated centrifuge (model J-21B, Beckman Instrs., Inc., Fullerton, California) at 4° C. The pellet was discarded, and the supernatant was again centrifuged at 500g for 20 minutes, and the pellet was again discarded. The supernatant was then centrifuged at 30,000g for 25 minutes. The pellet was resuspended in incubation buffer and kept on ice until the binding experiment. The membranes obtained from the 30,00Qg centrifugation were derived primarily from tubular structures and do not form vesicles. 24 
Radioligand Binding Protocol
Radioligand binding experiments were performed to quantitate the DA : receptor by a modified microbinding procedure as previously described. 11 In brief, partially purified renal cortical tubular membranes (50 fi\, 10-50 ^ig protein) were put into polyvinylchloride microtiter plates to which 50 ^.1 DA[ radioligand [ I25 I]SCH-23982 and 50 >i\ of either buffer (to determine total binding) or 50 /il buffer with 5 yu, M SCH-23390, a DA, antagonist, (Schering Corporation, Kenilworth, New Jersey) (to determine nonspecific binding) were added. The 150-iA aliquots in the microtiter plates were incubated at room temperature for 40 minutes on a vibrating plate to assure adequate mixing. The reaction was terminated by aspirating one row of 12 samples at a time into a 12-channel pipette and dispensing them simultaneously onto glass-fiber filters (No. 30, Schleicher & Schuell, Inc., Keene, New Hampshire) held in a 96-well microfiltration manifold (Schleicher & Schuell) to which vacuum was applied. Each microtiter well and filter was washed three times with 175 li\ incubation buffer. There was no significant binding of the radioligand to the microtiter plate. This washing procedure was optimal to separate bound from free radioligand without appreciable loss of radioligand bound to the tubular membranes through dissociation during the 7-second washing procedure. Radioactive decay was quantitated in a Beckman Gamma 4000 counter, for I25 I decay. Glass fiber filters were previously incubated in polylysine (1 mg/ml) (Sigma Chemical Co., St. Louis, Missouri) to reduce filter binding (<1% total binding). Filterto-filter and row-to-row variability was less than 5% with this binding procedure.
Autoradiographic Studies
Freshly obtained kidneys and brains from 9-16-week-old rats were immediately placed on a block of dry ice. Sections (20 fim thick) from kidney and brain were sliced in a cryostat and placed on glass slides that were previously subbed with 0.1% polylysine. The slices were frozen and dessicated at -80° C; they were kept for no more than 48 hours before the binding experiment. Each slide contained a central sagittal slice from the kidney and a brain slice at the level of the caudate and putamen, which served as a control. The slides were immersed in 15 jil buffer containing either radioligand (20 nM) or radioligand and competing drug (5 fiM SCH-23390, to determine nonspecific binding). After 40 minutes of incubation, the slides were rapidly washed by quick immersion into three different containers with 300 ml ice-cold buffer. To remove the buffer salts, the slices were subjected to a final, 1-second deionized water rinse at 4° C. The slices were then rapidly dried under a stream of warm air and exposed to LKB ultrafilm (LKB, Uppsala, Sweden) for approximately 24 hours. Exposure times were optimized for the linear response of the film to 125 I by including 125 I microscales (Amersham, Arlington Heights, Illinois) with each exposure. Autoradiographic density was quantitated on a digital videodensitometry acquisition system developed at the Biomedical Processing Center at the University of Virginia, Charlottesville, Virginia. Density units were converted to radioactive decay units and subsequently to drug concentrations by comparing with known densities determined from the microscales included in each autoradiographic exposure. The microscales were calibrated from sliced kidney paste to which [ 125 I]SCH-23982 was added in known quantities as previously described from our laboratory. 11 
Analytical Procedures
[ 3 H]Inulin was measured in a liquid scintillation spectrometer with an efficiency of 60%. Sodium concentration was measured by ion-specific electrode. Protein concentration was measured by using human serum protein standard according to the method of Lowry et al. 25 
Calculations
Dissociation constant and maximum receptor density were calculated according to Rosenthal 26 by nonlinear regression (Lundon Software Inc., Cleveland, Ohio) as previously described. 11 
Statistical Analyses
Results are expressed as mean±SEM. Differences between control values and drug treatments within groups were compared by using repeatedmeasures analysis of variance; significance was tested by Scheffe's test or by paired / test with Bonferroni correction as noted in the results. 
Results
In Vivo Studies
Effect of exogenous DA, agonist. In WKY rats (group 1), infusion of SKF-38393 had no effect on mean arterial pressure or glomerular filtration rate but increased urine flow in a dose-related fashion and showed a similar effect on absolute and fractional sodium excretion. Recovery to pre-druginfusion levels occurred after the drug was stopped ( Table 1 ). The contralateral kidney was unaffected; thus, absence of significant spillover into the systemic circulation was indicated (Table 1) . Intrarenal arterial infusion of vehicle alone did not influence ipsilateral or contralateral renal function (data not shown). To verify that SKF-38393 exerted its action by means of the DA! receptor, studies were repeated in the presence of the DA! antagonist SCH-23390 11 (group 2A). The antagonist alone, infused at the low dose of 1.2 ng/min/g kidney wt, had no effect on any of the parameters studied ( Table 2 , period A). However, the natriuretic and diuretic effects of SKF-38393 were blocked in a dose-related fashion by the DAi antagonist (Table 2 , periods B-D). The contralateral kidney was again unaffected; thus, absence of significant spillover into the circulation was indicated (Table 2) . However, the possibility that any effect of DA, antagonist on sodium excretion in the contralateral kidney was masked by an equivalent spillover of the DA( agonist cannot be ruled out. The decreases in urine flow and absolute and fractional sodium excretion associated with the infusion of SCH-23390 were not due to tachyphylaxis as the infusion of 120 ng/g kidney wt SKF-38393 alone was associated with persistent diuresis and natriuresis (Table 3) . Thus, the natriuretic and diuretic effects of SKF-38393 in WKY rats were due to occupation of DA, receptors.
In contrast to the results in WKY rats (group 1), intrarenal administration of SKF-38393 in SHR (group 4) with intact renal nerves had no effect on mean arterial pressure, glomerular filtration rate, urine flow, absolute sodium excretion, or fractional sodium excretion (Table 4) .
Effect of endogenous dopamine on renal function. The effect of endogenous dopamine on renal function was evaluated by the intrarenal arterial infusion of the DA t antagonist SCH-23390. 510 The dose of 120 ng/min/g kidney wt was chosen because, according to the receptor occupation theory, 28 96% of DA, receptors are expected to be occupied in this situation. As shown in Table 2 , SCH-23390 at 1.2 ng/min/g kidney wt had no effect on renal function (in this instance occupation of about 18% of the DA) receptors is expected). The infusion of SCH-23390 at 120 ng/min/g kidney wt decreased sodium excretion in WKY rats (group 3, Table 5 ) but not in SHR (group 5, Table 6 ). At the dose of 120 ng/min/g kidney wt SCH-23390, there was spillover into the circulation as sodium excretion was decreased in the right kidney (Table 4) . Urine flow was slightly but not significantly decreased in the right kidney in SHR (Table 6 ) and WKY rats (Table 5 ). Based on the ability of DA 2 agonist to inhibit Na + ,K + -ATPase activity in the presence of DA, agonist, Bertorello and Aperia receptor subtypes. Therefore, we studied the effect of the DA 2 antagonist YM-09151 in combination with the DA, antagonist (Tables 5 and 6 ). In WKY rats, the addition of YM-09151 to SCH-23390 resulted in an increase in urine flow; sodium excretion tended to increase. After both drugs were stopped, left kidney urine flow and sodium excretion remained elevated but tended to return to control values. In SHR, DAj blockade did not alter urine flow or sodium excretion. Although there was a tendency for sodium excretion to decrease with DA! blockade, the effect was neither consistent nor significant. These drugs did not affect blood pressure in SHR and WKY rats although mean arterial pressure did decrease slightly in SHR after both DA] and DA 2 blockers were discontinued.
Radioligand Binding Studies
Nonlinear regression analysis of Rosenthal plots revealed no differences in dissociation constant or maximum receptor density between renal cortical homogenates from SHR and WKY rats (Figure 1 ). The plots of both SHR and WKY rats best fit binding characteristics for one receptor type. There were also no apparent differences in the location of [ 
Discussion
The intrarenal arterial infusion of the DA! agonist SKF-38393 21 induced a dose-related increase in urine flow and sodium excretion without affecting glomerular filtration rate in WKY rats with intact renal nerves. This effect may be attributed to stimulation of Values are mean±SEM. MAP, mean arterial pressure; V, urine flow; GFR, glomerular filtration rate; U Nl V, sodium excretion; Fe Nu fractional sodium excretion; control, 2-4-hour equilibrium period with no drugs; recovery, period after cessation of drug infusion. Periods 1-5 correspond to time periods for infused left kidney.
renal DA, receptors since the DA! antagonist SCH-23390 310 blocked the natriuretic and diuretic effects of SKF-38393 in a dose-related manner. This is in agreement with previous reports 5 - 10 that the natriuretic effects of dopamine and DA! agonists are due to renal DA, receptor occupancy. In contrast, in SHR SKF-38393 had minimal effect on the renal functional parameters studied. Although the glomerular filtration rate was less in this group of SHR than in WKY rats (group 4 vs. group 1), this alone does not explain the differences in the responses to DAi effects, as in the subsequent studies the glomerular filtration rate in SHR (group 5) was similar to that noted in WKY rats (group 3), yet the responses to endogenous blockade were still different (see below).
In the rat, increased sodium intake is associated with increased renal dopamine production 15 ; dopamine has been suggested as a paracrine substance that can regulate sodium excretion 13 -151718 in normotensive animals. The natriuretic effect of endogenous dopamine becomes apparent only during a sodium load. 131718 Inhibition of dopamine production attenuates the natriuresis of chronic sodium loading. 15 We have previously reported that dopamine blockade in hydropenia does not affect sodium excretion. 17 However, dopamine blockade did attenuate the natriuresis associated with saline loading. 17 This effect of dopamine blockade on sodium excretion is due primarily to occupation of DA! receptors, since DA, antagonists 5 -1318 more consistently de- Values are mean±SEM. MAP, mean arterial pressure; V, urine flow; GFR, glomerular filtration rate; UM.V, sodium excretion; Fen,, fractional sodium excretion; control, 2-4-hour equilibrium period with no drugs; recovery, period after cessation of drug infusion. Periods 1-4 correspond to time periods for infused left kidney. crease sodium excretion than nonselective or DA 2 antagonists. 29 In the current studies, the intrarenai administration of the DAi antagonist SCH-23390 decreased sodium excretion in WKY rats. These results are in agreement with Siragy et al, 13 who reported that SCH-23390 given into the renal artery of conscious dogs on 40 meq sodium/day decreased sodium excretion by occupation of renal DA! receptors. 13 In WKY rats, the addition of the DA 2 antagonist YM-09151 increased urine flow and reversed the antinatriuresis elicited by DA ( Under our experimental conditions, DA 2 exerted an opposite rather than a synergistic effect on sodium excretion, which was in agreement with previous reports.
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- 31 These data are consistent with the lack of a synergistic effect of a DA 2 agonist on the ability of a DA] agonist to stimulate adenylate cyclase or phospholipase C activities, the enzymes involved in the generation of signal transducers of dopamine. 32 These studies agree with other reports 131518 and indicate a role of endogenous dopamine in increasing renal sodium excretion by means of the DA, receptor. 13 The ability of selective dopaminergic drugs to influence sodium and water excretion in WKY rats is in pronounced contrast to the absence of such effects in SHR. Weinstock et al 33 have also reported a decreased natriuretic effect of the DA, agonist fenoldopam in SHR. 33 The lack of effect of a DA 2 antagonist in SHR is also in agreement with the report of Tsuda et al 34 of a decreased ability of dopamine to inhibit the release of norepinephrine in mesenteric vessels (a DA 2 -mediated event). The decreased effect of both the DA, agonist and the DA] antagonist on sodium excretion is probably not a nonspecific effect. The ability of the DA! agonist fenoldopam to increase renal blood flow is similar in SHR and WKY rats. 35 The magnitude of the renal vascular and tubular responses to a-adrenergic stimulation or blockade is also similar in SHR and WKY rats. 36 In contrast, calcium channel blockers increase renal blood flow to a greater extent in SHR than WKY rats. 37 
Several investigators
1938 - 39 have reported that dopamine excretion is increased in the early stages of hypertension at a time when urinary excretion of 40 However, in the younger rats used in this study, DA, receptor affinity and density in renal cortical homogenates were similar; thus, no down-regulation of renal DA, receptors by intrarenal dopamine in SHR was indicated. Autoradiography in kidney slices confirmed our previous observation 11 that specific binding of [ 125 I]SCH-23982 was found in renal cortex but not in medulla in both SHR and WKY rats. In the microdissected renal proximal convoluted tubule, Kinoshita et al 41 also found no difference in DA, receptor affinity or density between the SHR and WKY rats. However, the ability of DA, agonists to stimulate adenylate cyclase activity in the proximal convoluted tubule of SHR was significantly attenuated compared with WKY rats. Apparently, the decreased ability of DA, agonists to stimulate adenylate cyclase activity in SHR is due to a defective DA, receptor G protein coupling mechanism. 41 Thus, defective transduction of the DA, receptor signal may well be the mechanism for the decreased renal dopaminergic effect in SHR.
Lee 42 has previously suggested that abnormalities in the renal dopaminergic system may be an important pathogenetic mechanism in essential hypertension. SHR have been reported to be in a hyperdopaminergic state. 38 Van den Buuse et al 43 have suggested that the increased central dopaminergic activity in SHR is a cause of the hypertension. In our studies, however, we showed that the increased dopaminergic activity in the intermediate lobe of the pituitary gland is a consequence rather than a cause of the hypertension. In the periphery, the increased dopamine synthesis may be a compensatory mechanism for a defective dopamine effect. 44 When peripheral synthesis of dopamine was inhibited with carbidopa in SHR, salt loading accelerated the development of hypertension. 4 * The higher blood pressures were correlated with lower urinary excretions of dopamine and sodium but with higher urinary excretions of norepinephrine. 45 Bromocryptine, a dopamine agonist, attenuated the development of deoxycorticosterone acetate-salt hypertension. 46 Thus, decreasing peripheral dopaminergic activity (including the kidney) accelerates hypertension, and the converse attenuates the development of hypertension.
Because in normotensive rats dopamine, by means of the DA, receptor, plays a role in the natriuresis of moderate sodium loading, 13 ' 15 ' 1718 a defective DA, receptor in SHR should be associated with an attenuated natriuretic response to volume expansion. In some strains of SHR (12-week-old rats), sodium chloride can aggravate the hypertension. 47 There is also preliminary evidence to suggest that even the "saltresistant" SHR becomes sensitive to sodium chloride when potassium intake is deficient. 48 In SHR with established hypertension (12-week-old rats), the ability to excrete an acute sodium load is not impaired and is actually increased 49 -50 probably because of mechanisms that can overcome the DA, defect (e.g., pressure natriuresis). However, even the renal perfusionnatriuresis phenomenon is blunted in the SHR; this occurrence suggests the presence of intrinsic changes in the kidney that enhance sodium reabsorption. 51 Indeed, when sodium-sensitive SHR are placed on a high sodium diet before the acute sodium load, their ability to excrete sodium is impaired compared with WKY rats. 52 Because the DA, receptor defect has been noted as early as 3 weeks of age, 41 it is possible that the sodium retention that occurs early in SHR 12 is related to this defect.
